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Abstract
Background: Poor childhood nutritional status has lifetime effects and food insecurity is associated with dietary practices
that can impair nutritional status.
Objectives:We assessed concurrent and subsequent associations between food insecurity and height-for-age z scores
(HAZs) and body mass index–for-age z scores (BMI-Zs); evaluated associations with transitory and chronic food insecurity;
and tested whether dietary diversity mediates associations between food insecurity and nutritional status.
Methods: We used data from the Young Lives younger cohort composed of children in Ethiopia (n = 1757), India (n =
1825), Peru (n = 1844), and Vietnam (n = 1828) recruited in 2002 (round 1) at;1 y old, with subsequent data collection at
5 y in 2006 (round 2) and 8 y in 2009 (round 3).
Results: Children from food-insecure households had significantly lower HAZs in all countries at 5 y (Ethiopia, 20.33; India,
20.53; Peru,20.31; and Vietnam,20.68 HAZ; all P < 0.001), although results were attenuated after controlling for potential
confounders (Ethiopia, 20.21; India, 20.32; Peru, 20.14; and Vietnam, 20.27 HAZ; P < 0.01). Age 5 y food insecurity
predicted the age 8 y HAZ, but did not add predictive power beyond HAZ at age 5 y in Ethiopia, India, or Peru. Age 5 y food
insecurity predicted the age 8 y BMI-Z even after controlling for the 5 y BMI-Z, although associationswere not significant after
the inclusion of additional confounding variables (Ethiopia, P = 0.12; India, P = 0.29; Peru, P = 0.16; and Vietnam, P = 0.51).
Chronically food-insecure households had significantly lower HAZs than households that were consistently food-secure,
although BMI-Zs did not differ by chronic food-insecurity status. Dietary diversity mediated 18.8–30.5% of the association
between food security and anthropometry in Vietnam, but mediated to a lesser degree (8.4–19.3%) in other countries.
Conclusions: In 4 countries, food insecurity at 5 y of agewas associatedwith both HAZ and BMI-Z at age 8 y, although the
association was attenuated after adjusting for other household factors and anthropometry at age 5 y, and remained
significant only for the HAZ in Vietnam. J Nutr 2015;145:1924–33.
Keywords: household food security, child growth, weight gain, dietary diversity, longitudinal cohort study
Introduction
Approximately 171 million children under 5 y of age are stunted
(1, 2). Poor childhood nutritional status is associated with
impaired growth and cognition, lower lifetime educational
achievement and earnings, and lower birth weight in the next
generation (3–12). Assessing food insecurity, a concept that reflects
constrained food availability, accessibility, and utilization (13), is
1 This study is based on research funded by the Bill & Melinda Gates Foundation
(Global Health Grant OPP1032713), the Eunice Kennedy Shriver National
Institute of Child Health and Development (Grant R01 HD070993), and Grand
Challenges Canada (Grant 0072-03 to the Grantee, the Trustees of the University
of Pennsylvania). The data used in this study come from Young Lives, a 15 y
survey investigating the changing nature of childhood poverty in Ethiopia, India
(Andhra Pradesh and Telangana), Peru, and Vietnam (www.younglives.org.uk).
Young Lives is core-funded by the UK Department for International Development
and was cofunded from 2010 to 2014 by the Netherlands Ministry of Foreign
Affairs. The findings and conclusions contained within are those of the authors
and do not necessarily reflect the positions or policies of the Bill & Melinda Gates
Foundation, the Eunice Kennedy Shriver National Institute of Child Health and
Development, Grand Challenges Canada, Young Lives, the UK Department for
International Development, or other funders.
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one approach to identifying households at risk of poor nutritional
status. In some, but not all studies, food insecurity is associated
with decreased dietary intake (14–16), poor child feeding practices
(17), and suboptimal health outcomes (18–20) in low- and middle-
income countries (15, 21). Although food insecurity is associated
with underweight and/or stunting among infants and young
children in Bangladesh (17, 22), Brazil (18), Colombia (19,
21), Pakistan (23), Vietnam (22), and Ethiopia (22), food
insecurity is not associated with risk of wasting in Colombia
(19) or child stunting in Colombia (21) and Nepal (15). Most
studies use cross-sectional data, although we identified 2
exceptions (17, 24). Additionally, studies employ different
food-insecurity measures, including short- (15) and full-
length (22) versions of the Household Food Insecurity Access
Scale (HFIAS),13 the USDA Household Food Security Module
(HFSM) (23), and locally developed measures (17, 19). It is
not clear whether results are inconsistent because populations
differ, instruments used to measure food insecurity differ, or
associations reflect only short-term fluctuations.
The vast majority of previous studies have been cross-
sectional, and do not tell a consistent story about the associations
between food insecurity and chronic malnutrition [height-for-age
z score (HAZ)] or thinness or wasting [body mass index–for-age
z score (BMI-Z) or weight-for-height z score]. One challenge in
investigating these associations is that food-security tools are
often used to capture food insecurity at specific time points, which
can represent differing underlying experiences, including patterns
of a single acute episode of food insecurity (pattern 1), intermittent
food insecurity (pattern 2), and chronic food insecurity (pattern 3).
We expect that food insecurity could have highly significant
associations with concurrent thinness and fewer associations
with subsequent thinness if households are experiencing pattern 1.
However, if households are experiencing patterns 2 or 3, longer-
term associations between food security and thinness might also
be observed. Because the HAZ captures chronic nutrition, we
would expect stronger associations between food insecurity and
future HAZs, although durations of household food insecurity
would seem relevant.
The primary objectives of these analyses were to assess
concurrent and subsequent associations between food insecurity
and HAZ and BMI-Z; to consider associations with transitory
and chronic food insecurity; and to test whether dietary diversity
mediates associations between food insecurity and nutritional
status. The older child ages (5 y and 8 y), past the age of peak
growth velocity, provide an opportunity to investigate influences
on height and thinness in this age group, particularly in light
of recent interest in catch-up growth after the 1000 d window
(25–27).
The conceptual framework guiding this research is found in
Figure 1. This posits that community and household character-
istics are associated with food insecurity and that food insecurity
in turn is associated with childrens concurrent and future
nutritional status. Community, household, and child factors are
posited to influence anthropometry independent of associations
between food insecurity and nutritional status.
We had 4 key hypotheses. First, we hypothesized that
children from households that experienced current food
insecurity were more likely than children from food-secure
households to have lower concurrent and subsequent HAZs
and BMI-Zs. Second, we hypothesized that adjusting for initial
anthropometry and various individual, household, and commu-
nity characteristics would attenuate but not render these asso-
ciations nonsignificant. Third, we hypothesized that children
from chronically food-insecure households (at both 5 y and 8 y)
would have lower HAZs and BMI-Zs than children from
intermittently food-insecure households (at either 5 y or 8 y).
Fourth, we hypothesized that associations between food security
and child anthropometry were partially mediated by dietary
diversity.
Methods
Study design and participants
This study used data from the Young Lives (YL) younger cohort, a cohort
study of ;8000 children in Ethiopia, India, Peru, and Vietnam. The YL
study team recruited ;2000 children aged ;1 y from each country in
2002 (round 1) with subsequent data collection at age 5 y (round 2;
Ethiopia, October 2006–January 2007; India, January–July 2007; Peru,
October 2006–August 2007; and Vietnam, December 2006–April 2007)
and age 8 y (round 3; Ethiopia, October 2009–January 2010; India,
August 2009–March 2010; Peru, July 2009–January 2010; and Vietnam,
September 2009–January 2010). Childrens ages at each round ranged
from 6 to 18 mo (round 1), 4.5 to 5.5 y (round 2), and 7.5 to 8.5 y (round
3). The YL team used multistage sampling designs with the first stage
consisting of a selection of 20 sentinel sites. Sampling was pro-poor; for
example, in Ethiopia, the most food-insecure areas were the sampling
universe. In Peru, the richest 5% of districts were excluded from the
sample. Although poor clusters were moderately oversampled, the final
samples provided diverse representation of social, geographic, and
demographic groups. The sample in India consisted only of households
from Andhra Pradesh (since split into Andhra Pradesh and Telangana),
whereas the 3 other countries used nationwide samples. The YL team
randomly selected;100 households with children aged 6–18 mo in each
cluster. Additional study methods are described elsewhere (28), and are
provided at http://www.younglives.org.uk (29). From age 1 y to age 8 y,
the YL cohort lost between 1.5% and 5.7% of the age 1 y sample to
attrition (Ethiopia, 114/1999; India, 81/2011; Peru, 106/2052; and
Vietnam, 36/2000). From the complete age 8 y dataset, children were
excluded for this analysis if they were missing the dependent variables,
anthropometry at 5 y (2006) or 8 y (2009) (Ethiopia, 128/1885; India,
105/1930; Peru, 102/1946; and Vietnam 136/1964).
Ethical review
The University of Oxford Ethics Committee and the Peruvian Nutri-
tional Research Institute institutional review board approved YL study
protocols. Approval for these analyses was obtained from the University
of Pennsylvania and Boston University. Written parental consent was
obtained at each round, and verbal child assent was obtained in round 3.
Study indicators
Child anthropometry. Height was measured with the use of locally
made stadiometers with standing plates and moveable head boards
accurate to 1 mm. HAZ was calculated with the use of WHO 2006
standards for children 0–59 mo (30) andWHO 2007 standards for older
children (31). Weight was measured with the use of calibrated digital
balances (Soehnle) with 100 g precision. BMI-Zs also were calculated
with the use of WHO growth curves. All anthropometrists were trained
and used techniques according to WHO guidelines (32, 33). Birth dates
were taken from childrens health cards when available, and mothers
reports otherwise.
2 Author disclosures: DL Humphries, KA Dearden, BT Crookston, LC Fernald, AD
Stein, T Woldehanna, ME Penny, and JR Behrman, no conflicts of interest.
3 Supplemental Tables 1–3 are available from the ‘‘Online Supporting Material’’
link in the online posting of the article and from the same link in the online table of
contents at http://jn.nutrition.org.
12 Present address: Micronutrient Initiative, New Delhi, India.
*To whom correspondence should be addressed. E-mail: debbie.humphries@
yale.edu.
13 Abbreviations used: BMI-Z, body mass index–for-age z score; HAZ, height-for-age
z score; HFIAS, Household Food Insecurity Access Scale; HFSM, Household Food
Security Module; YL, Young Lives.
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Dietary diversity. YL collected information on consumption of 11 food
groups at age 5 y and 15 food groups at age 8 y. Food groups were
combined into the following 7 categories at age 5 y: 1) starches (cereals,
roots, and tubers), 2) meat (meat and fish), 3) eggs, 4) legumes and nuts,
5) dairy, 6) fruit and vegetables, and 7) fats and oils. At age 8 y, vitamin
A–rich fruits and vegetables were added as an additional food category.
Because there is no standard dietary diversity tool for children of this age,
after reviewing food groupings used by other researchers (34, 35), we
chose to aggregate the questions at age 5 y to 7 food groups; with
the addition of questions about vitamin A–rich foods at age 8 y, we
aggregated the questions at age 8 y into 8 food groups. We assessed
individual dietary diversity by asking the caregiver what food items each
child had eaten the previous day, and then summing the number of food
groups reported.
Food insecurity. Different questions were used to capture food
insecurity across rounds. At both rounds, respondents were asked about
food insecurity in the previous 12 mo. For age 5 y, YL adapted questions
from the HFSM (36) with the use of formative research to create a YL
adaptation (37) focused on quantitative indicators of food insecurity
(food shortage, fewer meals, and smaller portions). At age 8 y, YL used
the HFIAS (38), which includes additional domains such as, ‘‘In the past
12 mo, did you ever worry that your household would run out of food?’’
and ‘‘Were you or any household member not able to eat the kinds of
foods you want because of lack of money?’’ At age 5 y, caregivers were
asked whether households experienced various aspects of food insecu-
rity, whereas at age 8 y, respondents were asked to quantify how
frequently this occurred (rarely, sometimes, always or nearly always).We
coded the age 8 y responses with the use of the HFIAS coding algorithm;
households classified as moderately or severely food-insecure were
considered food-insecure. After comparing the specific questions (Table
1), we determined that positive responses at age 5 y to any of the food-
security questions except eating less-preferred foods captured house-
holds that had to limit food quantity, which is most comparable to
HFIAS moderate and severe food-insecurity at age 8 y. Thus, households
at age 5 y responding positively to any food-insecurity questions other
than eating less-preferred foods were considered food-insecure. Chronic
food-insecurity was assessed by comparing food-insecurity status at ages
5 y and 8 y; households that were food-insecure at both ages were
considered chronically food-insecure. Households that were food-secure
at both times were classified as food-secure, and households that were
food-insecure at one but not both time points were classified as transitorily
food-insecure.
Control variables. Other measures included community wealth [mea-
sured by indexes of asset ownership, housing quality, and service access
for other YL households in the same communities (39, 40)], monetary
value of all household expenditures in the preceding 2 wk (household
consumption), whether interviewed in a food-scarce month, maternal
ages, maternal heights, maternal schooling, paternal schooling, and child
ages and sex. In an analysis of associations of age 5 y food security with
age 8 y anthropometry, we controlled for age 5 y anthropometry to
isolate associations of food security with growth at age 8 y that were not
acting through growth at age 5 y.
Statistical analyses
We used Stata (version 12.0, 2011) for all analyses. We employed
multiple imputation methods with 15 replications (41) with the use of
the ice command to impute the following missing covariates: maternal
height (n = 279), maternal age (n = 64), rural residence at age 5 y (n = 3),
rural residence at age 8 y (n = 3), interviewed in a scarce month at age 5 y
(n = 87), interviewed in a scarce month at age 8 y (n = 108), community
wealth (n = 2), and food security at age 8 y (n = 12). We used
multivariable regressions for HAZ and BMI-Z to examine associations
between food insecurity and nutritional status. Results were considered
statistically significant at P < 0.05.
Dietary diversity mediation. We assessed dietary diversity mediation
in 2 stages. First, we assessed whether the 3 Baron and Kenny criteria
(42) were met: 1) food insecurity was a significant predictor of
anthropometric measures, 2) dietary diversity was significantly associ-
ated with food insecurity, and 3) when dietary diversity and food
insecurity were both included in models predicting anthropometric
measures, dietary diversity was significant and the food-insecurity
coefficient was smaller than when dietary diversity was not included.
Second, when these criteria were met, we assessed mediation levels and
calculated P values for Sobel–Goodman tests of mediation.
Results
Household food-insecurity experiences at age 5 y. The
percentages of households experiencing food insecurity ranged
from 8.7% (India) to 34.5% (Ethiopia) (Table 1). Ethiopian
households were most likely to report that someone had skipped
meals for an entire day (6.7%) compared with #1% of
households in the other countries. More households in each
FIGURE 1 Conceptual framework
of household food security and child
anthropometry. Boxes with dashed
borders represent the independent var-
iables that were tested in the models.
Thick-bordered boxes are the depen-
dent variables. Child characteristics
were included in age- and sex-adjusted
models. Household, community, and
child characteristics were included in
fully adjusted models. Double arrows
represent the associations that were
explored: food security and concurrent
anthropometry (1); dietary diversity as
a mediator of concurrent anthropome-
try (1a); and food security and future
anthropometry (2). 1Paternal height also
influences child anthropometry; how-
ever, paternal height was lacking for
many children across the 4 countries
and it was not included in this analysis.
BMI-Z, body mass index–for age z score;
HAZ, height-for-age z score.
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country experienced food shortage, eating less-preferred foods,
and smaller portion sizes than skipping meals for an entire day.
Borrowing food or money were more common coping mecha-
nisms in Ethiopia (17.1%) and Peru (15.7%) than in India and
Vietnam. Forfeiting meals so another person could eat was most
common in Ethiopia (17.4%), and 75% of Ethiopian house-
holds that reported someone forfeiting meals also reported indi-
viduals going without food for an entire day (data not shown).
Household food insecurity at age 8 y. Because somewhat
different food-insecurity measures were used at ages 5 y and 8 y,
definitive comparisons between the 2 rounds were not possible.
At age 8 y, over 60% of households in Ethiopia, Peru, and
Vietnam worried about running out of food, compared with
26.1% of households in India (Table 1). Few households in any
of the 4 countries reported that someone had not eaten for a
whole day and night. Households experiencing moderate or
severe food insecurity ranged from 27.6% (India) to 54.3%
(Ethiopia). Eating limited ranges of foods, eating less than
wanted, and reducing the number of meals were more common
than going to bed hungry or not eating for 24 h. Households that
were food-secure at both ages ranged from 34.5% (Ethiopia) to
67.5% (India).
Characteristics of food-insecure households. In all 4 coun-
tries at both ages 5 y and 8 y, food insecurity was significantly
negatively associated with community wealth, household con-
sumption, and parental schooling attainment (Supplemental
Tables 1 and 2). At age 5 y, maternal ages were significantly
higher in food-insecure households in Ethiopia and India than in
food-secure households, whereas at age 8 y, maternal ages were
not associated with food insecurity in any country. Mothers
in food-insecure households were significantly shorter except
in India at age 8 y and Ethiopia at both ages 5 y and 8 y. In
Ethiopia, a significantly higher proportion of households that
experienced food insecurity were interviewed in months that
community leaders described as ‘‘food scarce,’’ although this was
not true in the other countries. Childrens age and sex were not
significantly different for food-insecure households in any
country with the exception of childrens ages in Vietnam at
age 5 y. Food insecurity had significant negative associations
with dietary diversity scores in all countries.
At age 5 y, children from food-secure households in all
countries had significantly higher HAZs (Supplemental Table 1).
At age 8 y, children from food-secure households in all countries
except Ethiopia had significantly higher HAZs than children
from food-insecure households (Supplemental Table 2). Mean
TABLE 1 Proportion of households reporting food insecurity in the 12 mo before interview, Young Lives
younger cohort1
Ethiopia
(n = 1757)
India
(n = 1825)
Peru
(n = 1844)
Vietnam
(n = 1828)
Age 5 y
Categorical: Food-insecure household2 34.5 8.7 22.7 9.6
Household had food shortages 34.5 8.7 22.7 9.6
Eat less-preferred foods 10.6 2.8 18.2 5.3
Limit portion sizes 31.4 4.2 14.6 5.5
Skip meals 26.7 3.4 4.7 1.4
Skip eating for a whole day 6.7 1.0 0.8 0.1
Borrow food or money for food 17.1 4.7 15.7 6.2
Individuals forfeit meals for others 17.4 0.2 5.9 3.0
Age 8 y3
Categorical: Food-insecure household4 54.3 27.6 30.6 31.2
Worried that household would run out of food 66.7 26.1 69.0 61.3
Not able to eat the foods you want 83.6 69.2 63.7 66.5
Eat a limited range of foods 75.1 32.3 43.6 59.1
Eat food you did not want to eat 15.0 28.5 20.4 26.2
Eat less than you wanted 63.0 14.4 30.3 15.7
Reduce number of meals eaten per day 44.2 7.4 14.8 7.7
No food to eat 8.8 3.7 6.3 4.8
Go to bed hungry 5.7 2.6 4.0 1.4
Not eat for a whole day and night 2.1 1.8 1.7 0.1
Persistent food insecurity, ages 5 y and 8 y
Food secure at both time points 34.5 67.5 55.9 64.3
Food insecure at age 5 y only 11.2 4.9 13.6 4.5
Food insecure at age 8 y only 31.0 23.8 21.5 26.0
Food insecure at both time points 23.3 3.8 9.1 5.1
1 Values are percentages representing the proportion of households experiencing each condition. For questions about reducing meals or
forfeiting meals for others, values represent anyone in the household reducing meals or forfeiting meals for others. HFIAS, Household Food
Insecurity Access Scale.
2 At age 5 y, households were categorized as food insecure if the household responded positively to any of the food insecurity questions
other than eating less-preferred foods.
3 At age 8 y, households are included in the prevalence of a particular experience if they reported any frequency of that condition (i.e., rarely,
sometimes, always, or nearly always) and are only excluded if they reported never experiencing that condition.
4 At age 8 y, households were categorized as food insecure if the household was considered moderately or severely food insecure based
on the HFIAS coding algorithm. HFIAS categorizes households as moderately or severely food insecure if someone in the household had to
eat a limited variety of foods or foods they really did not want to eat sometimes or often, or if someone in the household had smaller or
fewer meals, went to sleep at night hungry, or went 24 h without eating, or if there was no food in the house.
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HAZs increased from age 5 y to age 8 y among both food-secure
and food-insecure households in all countries. BMI-Zs did not
differ for children from food-secure and food-insecure house-
holds at age 5 y, but were significantly higher for Peruvian and
Vietnamese children from food-secure households at age 8 y.
Mean BMI-Zs decreased from age 5 y to age 8 y among both
food-secure and food-insecure households in all countries.
Food insecurity and concurrent anthropometry. For all
countries, in models adjusted for childrens ages and sex only,
food insecurity at age 5 y was significantly associated with
concurrent HAZ, but not associated with BMI-Z (Table 2). In
fully adjusted models, associations with HAZ remained signif-
icant in all countries. At age 8 y, food insecurity was significantly
associated with HAZ in age- and sex-adjusted models except for
in Ethiopia. At age 8 y, food insecurity was significantly
associated with BMI-Z in age- and sex-adjusted models in
Peru and Vietnam. In fully adjusted models at age 8 y, food
insecurity was significantly associated with HAZ and BMI-Z
only in Vietnam. We found significant interactions between
country and food-insecurity status in pooled estimates, so we
have not presented pooled results.
Food insecurity and subsequent anthropometry. Before
adjusting for HAZ at age 5 y, food insecurity at age 5 y was
significantly associated with HAZ at age 8 y in all countries
(Table 3). After adjusting for HAZ at age 5 y, food insecurity at
age 5 y was associated with HAZ at age 8 y in India, Peru, and
Vietnam; those associations remained significant after adjust-
ing for additional confounders in Vietnam. Similarly, food
insecurity at age 5 y was significantly associated with BMI-Z at
age 8 y in all countries except Ethiopia before adjusting for
BMI-Z at age 5 y. After adjusting for other confounders, these
associations were no longer significant. Food insecurity at age
5 y was significantly associated with BMI-Z at age 8 y in all
countries after adjusting for BMI-Z at age 5 y, although these
associations were no longer significant after adjusting for addi-
tional confounders. Interaction terms between food-security status
and HAZ and BMI-Z at age 5 y were not significant (estimates
not shown).
Chronic food insecurity and anthropometry at age 8 y.
Across all countries, households that were food-insecure at both
ages 5 y and 8 y had children with significantly lower HAZs than
households that were food-secure at both ages (Figure 2A). No
such effect was apparent for BMI-Z (Figure 2B). Children from
households that were food secure at age 5 y but not at age 8 y
had lower mean HAZs than children who were food-secure at
age 8 y and not at age 5 y for all countries except Peru. The same
pattern held for BMI-Zs only in India.
Dietary diversity. Children in food-insecure households had
less diverse diets than children in food-secure households, at
both ages 5 y and 8 y (Supplemental Tables 1 and 2), although
the food groups consumed varied among countries and across
rounds (Supplemental Table 3). Animal-source foods, such as
meat, eggs, and dairy products, were less commonly eaten among
food-insecure households in all countries, and the differences were
almost always significant. Dietary diversity was consistent with
more of the association between food insecurity and anthropom-
etry in Vietnam, and less in India (Table 4). In Vietnam, dietary
diversity mediated 30.5% and 22.7% of the variation in HAZ
associated with food insecurity at ages 5 y and age 8 y, respectively.
As previously shown (Table 3), BMI-Z was not significantly T
A
B
L
E
2
C
ro
s
s
-s
e
c
ti
o
n
a
l
a
s
s
o
c
ia
ti
o
n
o
f
fo
o
d
in
s
e
c
u
ri
ty
a
n
d
c
h
ild
a
n
th
ro
p
o
m
e
tr
y
a
t
a
g
e
s
5
y
a
n
d
8
y
,
Y
o
u
n
g
L
iv
e
s
y
o
u
n
g
e
r
c
o
h
o
rt
1
Et
hi
op
ia
(n
=
17
57
)
In
di
a
(n
=
18
25
)
Pe
ru
(n
=
18
44
)
Vi
et
na
m
(n
=
18
28
)
D
ep
en
de
nt
va
ria
bl
e
A
ge
an
d
se
x-
ad
ju
st
ed
Fu
lly
ad
ju
st
ed
2
A
ge
an
d
se
x-
ad
ju
st
ed
Fu
lly
ad
ju
st
ed
2
A
ge
an
d
se
x-
ad
ju
st
ed
Fu
lly
ad
ju
st
ed
2
A
ge
an
d
se
x-
ad
ju
st
ed
Fu
lly
ad
ju
st
ed
2
Ag
e
5
y
HA
Z
2
0.
33
**
*
(2
0.
48
,2
0.
19
)
2
0.
21
**
(2
0.
35
,2
0.
07
)
2
0.
53
**
*(
2
0.
69
,2
0.
38
)
2
0.
32
**
*
(2
0.
47
,2
0.
17
)
2
0.
31
**
*
(2
0.
45
,2
0.
18
)
2
0.
14
**
(2
0.
24
,2
0.
03
)
2
0.
68
**
*
(2
0.
98
,2
0.
39
)
2
0.
27
**
(2
0.
43
,2
0.
10
)
BM
I-Z
2
0.
02
(2
0.
19
,0
.1
5)
2
0.
02
(2
0.
20
,0
.1
6)
2
0.
02
(2
0.
19
,0
.1
4)
2
0.
01
(2
0.
18
,0
.1
5)
2
0.
07
(2
0.
16
,0
.0
2)
2
0.
06
(2
0.
15
,0
.0
4)
2
0.
15
(2
0.
40
,0
.1
0)
2
0.
13
*
(2
0.
26
,2
0.
00
2)
Ag
e
8
y
HA
Z
2
0.
06
(2
0.
16
,0
.0
3)
2
0.
05
(2
0.
13
,0
.0
3)
2
0.
21
*
(2
0.
34
,2
0.
09
)
2
0.
05
(2
0.
16
,0
.0
6)
2
0.
27
**
*
(2
0.
35
,2
0.
17
)
2
0.
07
(2
0.
14
,0
.0
1)
2
0.
40
**
*
(2
0.
57
,2
0.
23
)
2
0.
17
*
(2
0.
26
,2
0.
09
)
BM
I-Z
2
0.
07
(2
0.
17
,0
.0
3)
2
0.
05
(2
0.
16
,0
.0
5)
2
0.
03
(2
0.
15
,0
.1
0)
0.
06
(2
0.
05
,0
.1
8)
2
0.
19
*
(2
0.
30
,2
0.
07
)
2
0.
09
(2
0.
18
,0
.0
1)
2
0.
34
**
(2
0.
57
,2
0.
11
)
2
0.
20
*
(2
0.
32
,2
0.
08
)
1
V
a
lu
e
s
a
re
z
s
c
o
re
s
(9
5
%
C
Is
)
a
n
d
re
p
re
s
e
n
t
th
e
d
if
fe
re
n
c
e
in
a
n
th
ro
p
o
m
e
tr
y
b
e
tw
e
e
n
c
h
ild
re
n
fr
o
m
fo
o
d
-i
n
s
e
c
u
re
h
o
u
s
e
h
o
ld
s
a
n
d
c
h
ild
re
n
fr
o
m
fo
o
d
-s
e
c
u
re
h
o
u
s
e
h
o
ld
s
.
*
P
,
0
.0
5
;
*
*
P
,
0
.0
1
;
*
*
*
P
,
0
.0
0
1
.
B
M
I-
Z
,
b
o
d
y
m
a
s
s
in
d
e
x
–
fo
r-
a
g
e
z
s
c
o
re
;
H
A
Z
,
h
e
ig
h
t-
fo
r-
a
g
e
z
s
c
o
re
.
2
A
d
ju
s
te
d
fo
r
ru
ra
l
re
s
id
e
n
c
e
,
c
o
m
m
u
n
it
y
w
e
a
lt
h
,
w
h
e
th
e
r
th
e
h
o
u
s
e
h
o
ld
w
a
s
in
te
rv
ie
w
e
d
in
a
fo
o
d
-s
c
a
rc
e
m
o
n
th
,
m
a
te
rn
a
l
a
g
e
,
m
a
te
rn
a
l
h
e
ig
h
t,
m
a
te
rn
a
l
e
d
u
c
a
ti
o
n
,
p
a
te
rn
a
l
e
d
u
c
a
ti
o
n
,
a
n
d
c
h
ild
a
g
e
a
n
d
s
e
x
.
1928 Humphries et al.
associated with food insecurity at age 5 y, and was significantly
associated with food insecurity at age 8 y only for Vietnam.
Discussion
In this large, prospective multicountry study, we found signif-
icant associations between household food insecurity and
concurrent HAZ and BMI-Z in all countries, although results
were attenuated after controlling for potential confounders.
Household food insecurity at age 5 y was significantly associated
with HAZ and BMI-Z at age 8 y, but those associations were
attenuated after controlling for age 5 y HAZ or BMI-Z and other
covariates. Specifically, age 5 y food insecurity was associated
with decreases of 0.15–0.34 in age 8 y HAZ. However, after
adjusting for age 5 y HAZ, the effect was reduced to decreases of
0.03–0.09 in age 8 y HAZ. Age 5 y food insecurity also predicted
age 8 y BMI-Z in all countries, even after controlling for age 5 y
BMI-Z, although the associations were not significant after
inclusion of additional confounding variables. Households that
were chronically food-insecure had significantly lower HAZs
than households that were consistently food-secure. Children
from households that were food-secure at age 5 y but not at age
8 y had lower mean HAZs than children who were food-secure
at age 8 y and not at age 5 y for all countries except Peru. BMI-Z
did not differ by chronic food-insecurity status. Dietary diversity
mediated almost one-third of the associations between food
security and anthropometry in Vietnam, but mediated lesser
amounts in the other countries. Although food security was
associated with subsequent anthropometry, the associations
were attenuated and sometimes no longer significant after
adjusting for other household factors and previous child
anthropometry. This suggests that other household and individ-
ual factors were also important predictors, and food-insecurity
measures did not always capture sufficient additional informa-
tion to address the determinants of child anthropometry.
A number of studies have found cross-sectional associations
between anthropometry and food security even after adjusting
for such variables as maternal age, maternal and paternal
schooling, urban/rural setting, household size, income, house-
hold ownership, and wealth indexes (17–19, 21–23, 43). For
example, a recent 8-country study found that a 10-point increase
in the 27-item HFIAS was associated with a 0.20 SD decrease in
HAZ (43). Other studies have reported no or more-nuanced
results for associations between anthropometry and food secu-
rity. One recent study reported no association between food
insecurity and child underweight, stunting, or anemia in Nepal
(15); another found associations between food insecurity and
underweight but not stunting in Colombia (21); and another
found associations between food insecurity and BMI-Z or
weight-for height z score in Brazil (44). Interestingly, in our
study, BMI-Z was not associated with food security in any of the
4 countries in cross-sectional analysis at age 5 y, and only in Peru
and Vietnam at age 8 y. This finding is consistent with results
reported by Kac et al. (44) who reported no significant associa-
tions between BMI-Z and food security in Brazilian children after
adjusting for confounders. Stunting may contribute to the ability
of children from food-insecure households tomaintain a BMI that
is comparable to that of food-secure children.
Although growth in the age group considered has been less
well studied, a recent commentary (25) highlighted evidence that
children do recover HAZ, both after age 5 y and during puberty.
Previous analysis of the YL younger cohort found that all 4
countries experienced decreases in HAZ between age 1 y and age
5 y; between age 5 y and age 8 y, all 4 countries experiencedT
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some increase in HAZ (27). Regardless, there is variability in
individual changes in HAZ around that mean, with some children
experiencing larger increases, and some experiencing decreases.
In a different population, Lundeen et al. (26) noted that increases
in HAZ are compatible with continued absolute increases in
height deficits; thus, increases in HAZ should be interpreted
cautiously.
Only in Vietnam was food security at age 5 y a significant
predictor of HAZ at age 8 y after adjusting for covariates and
anthropometry at age 5 y. In the other 3 countries, HAZ at age
5 y and additional confounding variables attenuated the effect
of household food insecurity on anthropometry at age 8 y.
Interestingly, we also found that children who were food-secure
at age 5 y and insecure at age 8 y had lower mean HAZs than
children who were food-insecure at age 5 y and food-secure at
age 8 y, suggesting that the proximity in time to the experience of
food insecurity may be important for HAZ, or, alternatively, that
there is a greater effect on HAZ from food insecurity at age 8 y
than at age 5 y. These results raise additional questions about
the meaning of food security. The observed associations may
represent a programming effect whereby early food insecurity
‘‘programs’’ limits to future anthropometric growth.
There is limited research about the predictive power of food
security at one time point and subsequent anthropometry,
particularly with the age group studied herein, although we did
identify 2 previous longitudinal studies in different age groups.
In rural Bangladesh, Saha et al. (17) demonstrated significantly
better trajectories for weight-for-age z score and length-for-age
FIGURE 2 Anthropometric mea-
sures at age 8 y in the Young Lives
younger cohort, by persistence of
food insecurity and country. Mean
HAZ (A) and BMI-Z (B), adjusted for
age and sex, by experience of food
security at ages 5 y and 8 y. Values are
means 6 95% CIs. Sample size:
Ethiopia, n = 1757; India, n = 1825;
Peru, n = 1844; and Vietnam, n = 1828.
Bars within a country with different
letters are significantly different, P ,
0.05. BMI-Z, body mass index–for-age
z score; HAZ, height-for-age z score.
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z score among children ages 1–24 mo from food-secure
households when compared with mild, moderate, and severely
food-insecure households; in Ethiopia, Belachew et al. (24)
reported slightly more catch-up growth in adolescent girls ages
13–17 y from food-insecure households. The Bangladesh
study followed infants from birth to 24 mo of age and used a
local food-security scale based on questions about frequency
of food purchases, borrowing or lending money for food, and
access to adequate meals and snacks (17). In that study,
household food security was associated with greater attained
weight and length indexes, and lower proportions of under-
weight and stunting at 24 mo (17). In Ethiopia, researchers
examined the growth of adolescents ages 13–17 y over a 2 y
period (24); experiences of food insecurity were measured with
the use of 4 of the 18 questions in the HFSM (36) and the
coping strategies index (45). Girls who reported food insecu-
rity at baseline were 0.87 cm shorter at baseline than food-
secure girls (P < 0.001). However, food-insecure girls exhibited
a slightly greater increase in height than food-secure girls
during the follow-up period (0.38 cm per year; P = 0.066).
Boys mean height at baseline and follow-up did not differ by
food-security status. The study in Ethiopia found that after
adjusting for baseline HAZ, food security was a significant
predictor of HAZ at follow-up for girls, but not for boys (24).
Understanding potential pathways between food insecurity
and nutritional status is important, but food security is a
complex construct that includes availability, access, and utiliza-
tion (13), and all food-security measures are simplified approaches
to capturing the experience. One of the proposed pathways by
which food security affects growth is through dietary diversity,
with food-secure households consuming a greater variety of
foods (22). We found that dietary diversity mediated some of the
associations of the food-security measures with anthropometry,
particularly in Vietnam. This is in contrast to a recent study in
Bangladesh, Ethiopia, and Vietnam, in which dietary diversity
did not mediate associations of food security with anthropom-
etry (22). That study focused on younger children, ages 6–60 mo,
whereas our analysis focused on slightly older children, ages 5 y
and 8 y, and the different results may be due to different roles for
dietary diversity and other mediators of child growth, such as
child illnesses or maternal depression at different ages (22).
Our study has several limitations. The YL dataset character-
izes household food security at 2 ages, 3 y apart, and no
information is available about the intervening years; thus, it is
not clear whether our characterization of food insecurity
represents the usual household situation or more temporary
conditions. Because food insecurity was measured at the
household level, not the child level, the impact of household
food insecurity on the child may have varied across households
(18). The questions about food insecurity differed across rounds
so the food-insecurity classifications are slightly different and
might not have captured identical household conditions. Both
food security and dietary diversity are simplified constructs
attempting to capture complex dietary and socioeconomic con-
ditions. There is potential for misclassification in both the dietary
diversity and food-security scales, which could attenuate the
observed associations. Analysis was based on complete cases,
which excluded 9.4% of households that completed surveys at
ages 5 y and 8 y. This analysis did not incorporate other house-
hold and community variables that might also affect growth,
such as water, sanitation, hygiene, and infections.
It is important that future studies compare different food-
insecurity measures to assess whether they capture the same
underlying construct and to determine whether food-insecurity
classifications are comparable across instruments. In addition,
longitudinal studies are needed to better understand trajectories
in anthropometry. Most of what we know about the association
between food insecurity and nutritional status is based on cross-
sectional data. Until future studies assess the predictive power
of the underlying constructs, the prognostic power of food-
insecurity measures is not yet clear. Furthermore, household
measures of food insecurity are, as their name indicates, ag-
gregate indicators. The food insecurity of individual household
members is not captured by such measures. Research on the
food insecurity of various household members would add to
our understanding of how the age, sex, and position of
individuals within households influence their experience of
food insecurity.
Governments, nongovernmental organizations, and other
institutions working to improve the nutritional status of school-
age children should consider several measures of nutritional
well-being, and collection of data on anthropometry and food-
insecurity status with the use of one of the accepted measures
would be beneficial. Program planners and implementers should
be cautioned about using food-insecurity measures to identify
children who are currently at risk. The HAZ improvements
demonstrated in all 4 countries from age 5 y to age 8 y emphasizes
the possible importance of nutritional programs for this age
group. As shown in previous analysis (46, 47), school-based
meal programs in particular may be of value in improving HAZ
recovery in countries with moderate and high amounts of
stunting.
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TABLE 4 Proportion of association between food security and
anthropometry mediated by dietary diversity, Young Lives youn-
ger cohort1
Ethiopia India Peru Vietnam
Age 5 y anthropometry
HAZ 10.1* 8.4*** 19.3*** 30.5***
BMI-Z a,c a,c a,c a
Age 8 y anthropometry
HAZ a c 14.5*** 22.7***
BMI-Z a a,c c 18.8***
1 Values are percentages and are the proportion of change in regression coefficient for
FS as a predictor of anthropometry with and without DD in the model. Mediation was
determined by modeling FS as a predictor of anthropometry, FS as a predictor of DD,
and DD + FS as a predictor of anthropometry. Letters indicate which of the 3 Baron
and Kenny assumptions underlying the S-G test were not met. The Baron and Kenny
assumptions include the following: FS was a significant predictor of anthropometry (a),
FS was a significant predictor of DD (b), and DD was a significant predictor of
anthropometry when FS was also in the model (c). If these assumption are met, the S-
G test assesses the change in coefficient for FS with and without DD in the model.
*P , 0.05; **P , 0.01; ***P , 0.001. BMI-Z, body mass index–for-age z score; DD,
dietary diversity; FS, food security; HAZ, height-for-age z score; S-G, Sobel–Goodman.
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